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Dengue is well established in the Caribbean
and the virus continues to be imported to the
continental USA by infected travelers (Centers
for Dsease Control 1984). The threat of a den-
gue introduction into New Orleans has
prompted us to conduct wind tunnel evalua-
tions on some common adulticides to select an
adequate candidate for emergency control of
New Orleans Aedts aegyPti (Linn).
Malathion (9lVo), heavy aromatic naphtha
(HAN), HAN-malathion (2:l v/v), Scourge
(187o resmethrin and 54Vo pipetonvl butoxide
technical (PBO)) and naled (90%) were evalu-
ated against Ae. aegypti colonized in l98l from
eggs collected in ovitraps throughout urban
New Orleans. Malathion was also tested against
a wild population of Ae. aegypti collected
throughout New Orleans in 1983 as eggs, and
reared to adults. In addition, malathion and
resmethrin-PBO were tested against the long
established Rockefeller strain of Aa. aegypti.
For each test, serial dilutions of insecticides
were made in reagent grade acetone. The tests
were done with a wind tunnel consisting of a
tube 16.3 cm in diameter through which air was
blown at 1.8 m/sec (Mountet al. 1976)' One-half
ml of each concentration was atomized at a
pressure of 30.3 kPa, 70 cm upwind of the
exposure point. Mosquitoes were aspirated into
cardboard testingcages 8.6diam x 5'4cmdeep
with 16 mesh screening. Each cage contained 25
female mosquitoes, 2-4 days old' Two c?ges of
mosquitoes were tested per dilution and there
were5-8 serial dilutions per test plus 2 control
cages exposed to acetone only. Each wind tun-
n.l tert ionsisted of 2-II replicates. After ex-
posure, mosquitoes were aspirate-d into
iardboard holding cages, and supplied with a
raisin and water moistened cotton ball. Mortal-
ity counts were made aftet 24 hrs' Control
mortality never exceeded 5Vo. The log-dosage
response was determined by probit analysis ac-
cording to Finney (1971).
The-24 hr LC5s's and LCen's, 95% fiducial
limits, and slope for each insecticide are pre-
sented in Table l.
Resmethrin-PBO was the most effective
adulticide against the New Orleans colony of
Ae. aegypti, ca. 5 times more effective than
malathion. The addition of HAN to malathion
increased the effectiveness of malathion ca. 1.6
times. Malathion alone was 2 times more toxic
than HAN and 2.5 times more toxic than naled.
The HAN-malathion combination is probably
more effective for two reasons' First, HAN has
slight insecticidal properties of its own and
therefore potentiates the malathion. HAN'
which dissolves paraffin, might also penetrate
the exoskeleton better than malathion alone, so
with the combination more insecticide would be
absorbed by the mosquito.
Aedes aegypti resistance to malathion, though
not anticipated, could develop since malathion
has been used for adulticiding in urban New
Orleans for the past 20 years. Fox (1973) dem--.
onstrated that malathion resistantAa . aegypti will
revert to susceptible levels after 3 years of col-
onization. Wind tunnel tests indicated there was
no significant difference in susceptibility to
Table l. Toxicity of selected insecticides (% A.l.\ to adult New Orleans Aefus acgypti.
No. of
dilutions/ No. of
Slope replietc repliotesInEtrticide
Strain of
Ae. ug)tpti
24-hr
Lcs
95%
Fiducial limits
24-hr. S5%
LCs Fiducial limits
Malathion Rckefeller
N.O. Colony
N.O. 'Wild",
HAN'_
Malathion (2: l )
HANI
Scourget
Nalcd
0.024 0.022-0.026
0.028 0.027-0.030
0.040 0.038-0.044
0.070
0.069
0.090
0.042
0 .  l 2 l
0.0 13.
0.0071
0.188
0.063-0.079
0.066-0.073
0.08 l-0.100
0.037-0.049
0.1  12-0 .1  3  1
0.012-0.014
0.006-0.008
0.183-0.r94
2 . 7 6 5
3.2  9  l l
4 . 1  7 2
3 . 0 6 3
4 . t 6 5
2.7 I l0
2 . 9 7 5
4 . 4 7 9
N.O. Colony 0.016 0.01f0.017
N.O. Colony 0.059 0.055-0.063
N.O. Colony 0.0045{ 0.0043-0.0047
Rckefeller 0.0025' 0.0024-0.0026
N.O. Colony 0.096 0.093-0.099
I Field collected, laboratory reared.
2 Heavy aromatic naphthol.
3 18% resmethrinlS4Vo piperonyl butoxide technical.
' Based on amount of resmethrin onlv.
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malathion between the New Orleans laboratorv
colony and the highly susceptible Rockefeller
strain of Ae. aegypti. Wild New Orleans Aa.
aegypti were only 1.4 times more tolerant to
malathion than the 4-year old New Orleans col_
ony, indicating that resistance has not devel-
oped in the field population.
. ..World Health Organization larval suscepti-bility tests indicate that the New Orleans colonv
was highly tolerant to DDT (Beard 1983)r pos-
sibly indicating cross-resistance to pyrethr;ids(Plapp and Hoyer 1968). The New -Orleans Aa.
aegypti colony and the Rockefeller srrain of Ae.
aegypti were similar in susceptibil i ty to
resmethrin-PBO; the New Orleani colony was
only 2 times more tolerant. It is possible to
explain this difference by comparing the dif.
ferent lengths of time the two stiains [ave been
colonized before testing. The Rockefeller srain
was colonized in 1959 vs. rhe New Orleans in
1981. Colonization over an extended period
tends to reduce heterogeneity which wai likery
to be more pronounced in the older colony(Mitchell 1983).
These results indicate that resmethrin-pBO
and HAN-malathion would be adequate adul-
ticides for Ae. aegypti control in the Cvent of an
emergency. Resmethrin-PBO is ca. 4 times the
cost of HAN-malathion at the same level of
effectiveness. Therefore HAN-malathion (2: l)
is the most cost-effective adulticide against New
Orleans Ae. aegypti.
The authors would like to thank Dr. Barry
Good for his technical assisrance and patricia
Schultz for her hetp with the preparation of the
manuscrlpt.
Rderences Cited
Centers for Disease Control. 1984. Dengue-Americas,
1983--Morbidity and Mortality Wlekly Report
33:327-335.
Finney, D.J. 1971. Probit analysis, 3rd edition. Cam-
bridge Univ. Press. 333 pp.
Fox, I. 1973. Malathion resistance in Aed,es aegypti
from pressure on adults. Mosq. News 33:16l- i6a.
Mitchell, C. 1983. Mosquito vector competence and
arboviruses, pp.63-92.ln: K. Harris, (ed.) Current
topics in vector research, Vol. l. praeger publ. Co.,
New York.
Mount, G., N. Pierce and K. Baldwin. 1g76. A new
wind tunnel system for testing insecticidal aerosols
against mosquitoes and flies. Mosq. News 36:l22-
r 3 l .
Plapp, F. and R. Hoyer. 1968. possible pleitropism of
a gene conferring resistance to DDT, DDT analogs
and pyrethrins in the house f7y and Culex tarsalis.l.
Econ. Entomol. 6l :761-765.
A NEW CAGE FOR OBSERVING
MATING BEHAVIOR OF
WILD ANOPHELES GAMBIAE
IN THE LABORATORY1
R. P. MARCHAND
D_epartment of Ethology, Zoological Laboratory,
University of Leiden, p.O. Box 9516. 2300 RA
Leiden, The Netherlands
Control of anopheline vectors of malaria and
filariasis- in tropical areas, where their impact on
human health is heaviest, has often failia. ne-
search into the behavior and genetics of these
mosquitoes, with the aim of developing alter-
native control methods; depends on suCcessful
laboratory colonization, however, a number of
species do not mate successfully under labora-
tory conditions, which hinders colonization.
This problem may be overcome by selection or
by applying artificial mating techniques, but the
resulting laboratory-adapted strains have lim-
ited value for studies regarding maring behav-
ior under natural conditions. During my work
on mating behavior of two sibling species of the
Anopheles gambi.ae complex in northiastern Tan-
zania, it proved difficult to elicit mating in the
laboratory in wild, unselected, mosquitoes. This
paper describes a special cage in which a
marked improvement in swarming and mating
activity of wild material was obtained
In mosquitoes mating is associated with
swarming of the males (Downes 1969). For
Anopheles gambi.ae Giles and Az. arabiensis parton
all available information suggests that swarming
is a prerequisite for mating (fones and Gubbini
1978, Charlwood and Jones 1980). In nature
swarming of these species typically occurs over
flat, open ground under the open sky in villages
and starts about l0 min after sunset, lasting for
about 20 min (Marchand 1984). When thJvir-
gin offspring (larval stage reared in the labora-
tory) of wild-caught mothers were held in stan-
dard 30 x 30 x 30 cm cages under artificial
r Beard, B. 1983. The susceptibility of domestic
and periodomestic strains of Aedts (Stegonryia) aegypti
(L.) to organophosphate, organochlorine, and syn-
thetic pyrethroid insecticides in New Orleans, LA.
Master's thesis. Louisiana State University Medical
Center,  New Orleans,  LA,77 pp.
I The study was made during a stay at the Amani
Research Centre, National Institute of Medical Re-
search, Tanzania and funded by a grant from the
Netherlands Foundation for the Advancement of
Tropical Research (WOTRO) to Prof. Dr. J. J. Laar-
man (Amsterdam) and Dr.  J.  van den Assem(Leiden).
